Purpose. Kicking, jumping and agility are important skills in football. These activities require adequate lower limb strength, which can be enhanced with resistance training. The objective of the study was to evaluate the effect of resistance tube exercises on kicking accuracy, vertical jump performance and 40-yard technical test results in competitive football players. Methods. The study involved 23 competitive football players (11 males, 12 females) aged from 18-20 years recruited from three different universities in Belgaum, Karnataka, India. Back heel kick accuracy, vertical jump height and 40-yard technical test time were evaluated before and after a 2-week resistance tube exercise program. Results. Significant improvements in post-intervention kicking accuracy were found when males and females were treated as a single group (p = 0.01). Vertical jump height also showed a highly significant post-intervention improvement in the males and for the combined group of males and females (p = 0.001). The 40-yard technical test values significantly improved in the females and in the combined results for males and females (p = 0.001). Conclusions. The two-week resistance tube exercise program was found to have an effect on kicking accuracy, vertical jump height and 40-yard technical test performance in competitive football players. resistance tube exercises can thus be included as a component of a regular strength training program for such athletes.
Introduction
Football is one of the oldest and most popular sports in the world, with around 150 football-playing countries. In 1984, it was estimated that 60 million players were licensed whereas another 60 million were unlicensed, with the latter group consisting of youth and recreational players involved in local football leagues [1] . In 2006, it was estimated that 265 million males and females (including 5 million referees), or about 4% of the world's population, were actively involved in football [2] . In India, football has been gaining popularity throughout the country irrespective of a lack of investment and proper planning.
As a team sport, football has a highly intermittent and unpredictable activity pattern [3] . It is considered to be sport dominated by randomized, intermittent, dynamic and skilled movement [4] . A study comparing the distances covered on the field in different team sports found a professional male or female football player to cover 10-12 km per game, considerably more than other team games [5, 6] .
The physical fitness level of football players is crucial as it determines both game efficiency and tactical performance [7] . On the field, football requires explosive bursts of energy in the form of sprinting, jumping, kicking, changing directions and maintaining balance [8] . To attain an appropriate fitness level for such tasks, it is recommended that players train according to the demands of the game [9] . As such, a football training program should improve performance by inducing adaptations in the neuromuscular system, whereas the level of this adaptation depends on the type of training program [10] . One of the more important components of physical fitness in football is strength, as it determines the performance of numerous on-field physical tasks and movements. The US National Strength and Conditioning Association states that besides strength, the advantages of strength training in football include increased local power and endurance and improved performance in the sport [10] .
One of the most important and widely used skills in football is kicking [11] , as it is used to deliver the ball over a desired distance to an intended target [12] . The effectiveness of a smooth kicking action depends on various factors, including the maximal strength of the involved muscles, neuromuscular coordination, rate of force development and the level of coordination between muscle agonists and antagonists [13] . Furthermore, the final stage of kicking, when the knee is extended, requires maximal force production and strength from the hamstrings and quadriceps [14] . Among the various types of kicks, one kick worthy of mention is the back heel kick. It can be used in a regular pass and also as a penalty kick [15] . This kick can be as effective as any other, especially in deceiving an opponent as it is so unexpected [16] . regardless of the type of kick used, the importance of maximal strength for power production in kicking has been highlighted by Haghighi et al. [17] .
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On the field, apart from kicking, jumping ability is also an important component of football. The literature reveals that jumping ability depends on inter-limb coordination, muscle fibre type and muscle strength [18] . Studies have shown that vertical jump height improves through training interventions involving jumping exercises, plyometric exercises, depth jumps and resistance training.
Another important component of football is agility, used to outmanoeuvre the opposition and also protect players from injury. According to Sporis et al. [12] , agility is the ability which helps the athlete change directions, make quick stops and perform fast and smooth repetitive movements. Several factors are known to affect the level of agility, some of them being joint mobility, flexibility, dynamic balance, power, energy resources and muscle strength. Certain studies have shown the positive results of plyometric training on both vertical jump height and agility [12] , also stating that both maximal jumping and sprinting are considered to be dynamic movements requiring high muscle power and should therefore be closely related. The literature suggests that increasing the force of muscular contraction in appropriate muscle groups results in increased acceleration and speed and is therefore critical in the previously-mentioned components of agility, including turning, sprinting and changing directions and pace [4] .
resistance tubes or elastic tubes have been commonly employed in resistance training. The basic difference between resistance tubes and other forms of resistance training is that tubes are used to generate a controlled and consistent force depending on the needs of the individual. The tubing provides a resistive force during exercise with a low or high load stretch [19] . They are made of natural rubber latex and are available in progressive levels of resistance (yellow, red, green, blue, black and silver, respectively). A manufacturer of resistance tubing, the Thera-Band Academy, cites numerous studies on their effectiveness in improving strength, mobility and function [20] . A study on elderly individuals suggests that such tubes have a positive impact on improving muscle power, balance and body composition [21] . However, little information on the effect of resistance tube exercise in young individuals was found. Additionally, there is a paucity of literature on the effect of resistance tube exercises on football performance.
While there exist numerous studies analysing the effect of resistance exercises on football performance, there is a lack of general information on the effect of resistance training on kicking accuracy [18] . Some authors have found that plyometric training improves kicking performance as it induces neuromuscular adaptations to the stretch reflex. Others have reported a positive effect of resistance training combined with plyometric exercises in enhancing vertical jump height [22] . However, research on the effect of resistance exercises using only resistance tubing is lacking. There is also a dearth of data on resistance training involving resistance tubes for the enhancement of agility in football players.
Hence, the present study was undertaken to analyse all of the above factors and add to the literature on the effects of resistance training using resistance tubes and analyse its impact on kicking accuracy, vertical jump height and agility as measured by the 40-yard technical test in a group of football players. It was hypothesised that resistance tube exercises would improve all three tested variables.
Material and methods
After attaining approval from the Institutional Ethical Committee at the KLE University Institute of Physiotherapy, 25 competitive football players (13 males, 12 females) were recruited using convenience sampling from three different universities in Belgaum, Karnataka, India (Gogte College of Commerce, GSS College of Science and KLE University). Participants were included in the study if they were between 18 and 25 years, competed in football events, volunteered to participate in the study and were pain-free at the time of testing. Participants were excluded if they had any recent trauma to the knee, ankle or hip in the past 6 months, had a history of any recent (6 months prior) lower limb orthopaedic surgery, or sustained any injury or suffered from any medical illness during the course of the study. The purpose of the study was explained and written informed consent was obtained from all participants. Participants' BMI was calculated and information on their football playing history was collected. Two of the male participants dropped out, one due to poor participation and one due to an ankle injury sustained during the study. The study was performed during the off-season, and the participants were asked to refrain from all other forms of strength training during the study duration.
Measures
Measures assessing back heel kicking accuracy, vertical jump height and 40-yard technical test time were collected before a resistance tube exercise program for the lower limbs was administered. All pre-intervention measures were gathered one day before the training commenced; post-intervention measures were collected one day after the training program was completed. Both pre-and post-measures were evaluated on the same field where the participants regularly practiced.
Kicking accuracy was measured as per Finoff et al. [23] . The participant was asked to stand in front of a 243.5 cm wide × 122 cm high piece of cardboard at a distance of 20 m. Carbon paper was pasted on the A. Tirumala, B. Motimath, Improving football performance cardboard (see Figure 1 ) and a bullseye was drawn. The participant performed five trails with the back heel kick. Deviations from the bullseye were measured using a measuring tape. The most accurate kick was considered for analysis.
The vertical jump was measured as suggested by Changela et al. [24] . The participant stood against the wall with both feet on the ground and reached as high as possible with one hand; the height at the tips of the fingers was measured. The participant then bent their knees and jumped as high as possible, where the height at which tips of the fingers of the same hand reached was measured. The difference between the first height and the second height was calculated. The best result of three trials was recorded.
The 40-yard technical test was performed according to the Utah Youth Soccer Association [25] . Four cones were placed on a field, where the first cone (A) represented the starting point. The second cone (B) was placed 10 yards directly in front of the first cone. The third cone (C) was placed 5 yards to the left of the second cone and the fourth cone (D) was placed 5 yards to the right of the second cone. Starting in a standing position, the participant was timed on how long it took them to sprint from cone "A" to cone "B", then sidestep to cone "C", then sprint to cone "D", sidestep back to cone "B", and finish with a backward sprint to cone "A".
Training protocol
The resistance tube exercise program lasted 2 weeks and was performed four times per week. All the participants completed a general warm up before each training session by stretching the lower limbs (hamstrings, quadriceps, calf muscles and adductors). The resistance tube exercises consisted of the one-leg press, knee lift, seated leg extension, side leg raise and standing leg curl, with each exercise performed for 3 sets of 8-12 repetitions. The resistance of the tube was individually selected for each participant using the blue, black and silver colours. Difficulty was increased by increasing the resistance of the tubing and the number of repetitions as well as training on an uneven surface (side leg raise and standing leg curl). The exercises were performed as below:
-One-leg press The participant was asked to sit on the ground with their legs out in front of them, knees slightly bent. They were asked to hold one end of the resistance tube in each hand and place it around the sole of the right foot keeping the right knee slightly bent. They then straightened their right leg (without locking their knee) while pulling on both sides of the resistance tube. The participant continued to pull against the resistance tube as they returned to the original bent position. The exercise was then repeated with the left leg ( Figure 2 ).
-Knee lift The participant was asked to sit in a comfortable position with the hip and knees perpendicular to each other. Holding the tube in their hands, the participant stretched the tube by pulling their knees in toward the chest so as to increase the resistance against their lower abs and front thighs. They then slowly returned to the starting position (Figure 3 ). A. Tirumala, B. Motimath, Improving football performance -Seated leg extension The participant sat on a bench with a straight back with the feet and knees shoulderwidth apart. Holding both ends of the tube in the left hand, they were asked to slowly straighten the left knee and lift their foot until the leg was straightened (at a 90-degree angle to the torso). The participant was then asked to slowly bend the left knee and return to the starting position. The exercise was then repeated with the right leg (Figure 4 ).
-Standing leg curl Two participants were involved in this exercise. One participant held the two ends of the resistance tube that was placed around the second participant's foot. The second participant was asked to keep the knees close together and smoothly lift their right heel up toward their bottom. This exercise was then repeated with the other leg ( Figure 5 ).
-Side leg raise Two participants were involved in this exercise. Both participants were asked to stand next to each other and have each place one foot on the resistance tube and the other foot at its end. The participants then lifted the leg placed in the end of the tubing straight out to the side until the foot attained a height of 15 to 30 cm off the ground. They then returned the leg to the starting position. The participants were asked to keep an erect torso throughout the movement and slightly bend the leg supporting their body. The exercise was then repeated with the other leg ( Figure 6 ).
The range of motion in the exercises was not quantified although they were performed by increasing the resistance of the resistance tube. Body position was fixed in terms of bending at the torso in the standing or sitting positions. The upper extremities holding the ends of the resistance tubes were also fixed in order to not bring any variation in the movement. The remaining body segments were allowed to remain mobile and moved according to the exercise. The length of the tube was not controlled and varied according to the needs of each participant. This was done as every participant required a different threshold of resistance to perform the exercise.
Statistical analysis involved calculating the means and standard deviations of the collected data. The kicking accuracy, vertical jump and 40-yard technical test measures were compared pre-and post-intervention by the paired samples t test. Intra-group comparison between male and female participants was analysed using the unpaired form of the t test.
Results
The demographic data demonstrated that males had higher BMI and longer playing experience than their female peers (Table 1) .
Comparisons of pre-and post-intervention kicking accuracy values (Table 2 ) showed significant improvements for the combined results of both males and fe- No statistically significant differences were noted separately for males and females (p = 0.052 and p = 0.054, respectively). Intra-group comparisons between the male and female participants (Table 3) did not show any statistically significant differences pre-intervention (p = 0.94) and post-intervention (p = 0.59).
The combined (male and female) pre-and post-intervention vertical jump values (Table 2) showed a significant enhancement (p = 0.001). The male participants showed a higher statistically significant improvement (p = 0.001) compared with the female participants. Intragroup comparisons between the male and female participants (Table 3) showed statistically significant differences post-intervention (p = 0.01)
The results for the 40-yard technical test showed statistically significant improvements (Table 2 ) pre-and post-intervention (p = 0.001). The male and female participants also showed significant improvements (p = 0.01 and p = 0.001, respectively). Intra-group comparisons ( Table 3 ) showed significant differences in the results pre-and post-intervention (p = 0.01).
Discussion
The present study used resistance tubes in a twoweek resistance training intervention for competitive football players. Its purpose was to see the effects of resistance tube exercises on kicking accuracy, vertical jump height and 40-yard technical test time pre-and post-intervention, with the results finding significant improvements in all three measures. In terms of kicking accuracy, the results are in disagreement with Haghighi et al. [17] , who studied 30 elite football players divided into control, plyometric and resistance training groups. After training for 8 weeks, the study found that both plyometric and resistance training improved sprinting speed and dribbling performance. However, no significant improvements in terms of kicking accuracy were shown. It needs mentioning that the resistance training program in Haghighi et al. consisted of 2-4 sets of weight training exercise at an intensity of 60-90% 1-rM, whereas this study used three sets of 8-12 repetitions of resistance tube exercises for 2 weeks. In addition, their study did not mention the type of kick the players were asked to perform as a measure of kicking accuracy.
One of the reasons behind the significance in our study, as suggested by Manolopaulos et al. [26] , could be that the football kick utilizes the stretch-shortening cycle characteristics of the involved muscles, especially the knee extensors. In a developed kicking action, it has been found that the thigh comes forward while the knee is still flexing. This action serves to stretch the thigh extensor muscles before they need to shorten so that they are able to generate large end-point speed. Manolopaulos et al. emphasized the importance of utilizing the stretch-shortening cycle of the muscles of the kicking leg. According to their study, one of the main mechanisms that may improve kicking performance is the action of the thigh that slows down or reverses its motion prior to full knee extension. This is indicative of a more 'powerful' shot following training.
The present study used resistance tubes as a form of strength training as a way to develop strength, balance and coordination. According to a study by Patterson et al. [19] , such tubing provides for controlled stretching and strengthening of muscle tendon units and joints and allows for a pre-stretching effect as well as controlled repeatability throughout the movement. This may be related to what Manolopaulos et al. [26] proposed on improving kicking performance. The standing leg curl exercise used in our study started with a concentric contraction of the quadriceps and ended with a concentric contraction of the hamstrings. It is supposed that this could have improved the back heel kick as it was specific to this type of action.
The present study showed no statistically significant results in the kicking accuracy of male players and female players when analysed separately by sex. The reasons for this could be attributed to those expounded by Lyons [27] , who proposed that females have weaker hamstrings in relation to their quadriceps as compared with their male counterparts. This could have been the rationale behind the lack of a significant improvement in females alone as the kicking accuracy using the back heel kick, which requires optimal strength of the hamstrings to kick the ball backwards. Another reason could be due to the training duration, where 2 weeks may not have been sufficient enough to produce a significant effect individually in the females as well as males. One other possibility for the lack of significant changes could be due to the relatively small sample size.
With respect to the vertical jump, the present study showed a highly significant increase between pre-intervention and post-intervention values. Adibpour et al. [28] compared the effects of plyometric and weight training on vertical jump height in 35 female basketball players, concluding that both plyometric and weight training produced significant improvements in vertical jump height in females. The increase in vertical jump height in the present study was approximately 5.7 cm in total, or 1.3 cm less than reported by Adibpour et al, although this may stem from the fact that their study combined both plyometric exercises and weight training. In addition, the increase in vertical jump height in the above study may be attributed to the strengthening of the leg muscles, therefore boosting instant energy resources. Such an increase in muscle strength could also be the rationale for the improvements observed in the present study.
The results of this study imply that vertical jump test performance increased by recruiting greater muscle mass (with both legs simultaneously working as well as the inclusion of upper-body musculature) and therefore generating significantly greater power. Additionally, greater muscle strength induced by the resistance tube exercises must have increased the ATP supply, which would lead to enhanced anaerobic power in the initial phase of any power activity, including jumping.
The present study showed a significant improvement in the vertical jump height of the male football players, with a difference of at least 7 cm noted before and after the intervention. This is compared with the female football players, where a difference of only 4.5 cm was noted and which was not significant. This result could be correlated to a study done on elite male football players by Wisloff et al. [29] , where it was suggested that football players should focus on developing maximal strength with a focus on concentric movements in order to improve vertical jump height. A similar conclusion can be reached in the present study, which also used maximal and controlled concentric and eccentric exercises such as the one leg press. This mid-range semi knee flexion to a full knee extension movement of the quadriceps and hamstrings may have promoted strength development in these muscle groups. The other exercises in the present study included knee lifts to strengthen the hip flexors and side leg raises to strengthen the abductors. A combined increase in the strength of these muscles might have brought about a larger coupled force and led to improved vertical jump height. The non-significant results in the female participants can again be attributed to a reduced quadriceps-to-hamstring strength ratio in comparison with their male counterparts.
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The results of the 40-yard technical test demonstrated significant improvements when comparing the combined male and female pre-and post-intervention values. Separately, both the results of the female and male participants showed highly significant improvements. This is consistent with the results reported by Taheri et al. [30] , in which 30 male football players were divided into plyometric and resistance training groups and trained for 8 weeks. The resistance training group performed exercises such as the smith press, seated press, squat, leg extension, leg press, standing barbell curl, lying barbell extension, and sit up with an intensity initially at 60% of 1rM, increased by 10% every 2 weeks. The results found that the resistance training group showed better improvements in a 4 × 9 agility test compared with plyometric group. The investigators reasoned that muscle fibre hypertrophy induced by resistance training may have improved the ability to change position and direction rapidly without losing balance and coordination. A similar conclusion can be reached in the present study, where significant improvements were also noted for agility as measured by the 40-yard technical test. However, muscle hypertrophy alone could not have caused this improvement. as it involves at least 4-6 weeks of training according to Moritani and deVries [31] . However, the 2 weeks of resistance tube training in the present study may have led to a significant improvement in muscle strength. Based on a literature review by Deschenes and Kraemer [32] , the initial phase (lasting up to 4 weeks) of 'high volume' resistance training should involve at least 3 sets of 8-12 repetitions for each exercise. This review also suggested that muscle strength significantly progresses during the first 4 weeks of resistance training and could be attributed to neural adaptations, leading to increased firing of neural impulses and therefore greater recruitment of high-threshold motor units, thus gaining strength.
resistance tubes appear to be effective in developing strength [30] , balance and coordination due to the controlled movements in exercise with such tubing. The last two components can be explained by the exercises used herein, such as the side leg raise and standing leg curl, as they were performed by the participants in the standing position, with the difficulty of these exercises increased by performing them on an uneven surface. These two factors, the standing position and change in surface, are believed to have enhanced the balance and coordination components.
Conclusions
The results of the present study show that a 2 week resistance tube exercise program had a positive effect on back heel kicking accuracy, vertical jump height and 40-yard technical test times in competitive football players.
There are nonetheless a number of limitations in the present study that should be considered. Firstly, the study involved only 23 participants, which provides a small sample size. Secondly, no follow up was performed in order to evaluate the duration of the training effects, where post-intervention measures were studied a day after the training ended. Thirdly, although the participants were asked to not partake in any other strength training during the study, the investigators had no control over any other sport activities or practice sessions the participants attended. This factor may have influenced the results.
Additional studies should be pursued using a resistance tube exercise program in a larger population with a longer training duration so as to evaluate the longterm effect of such an intervention. Future research should also include additional study groups, such as a control and a group involved in a traditional resistance training program, so as to allow for a better understanding of the effect of resistance tubes alone. Finally, the back heel kick should also be taken into consideration in future studies, as an effective back heel kick can lead to improved match results.
